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(57) This invention provides fluoroimmunoassay
which comprises labeling analyte molecules with a fluo-
rescent material having a nucleic acid portion stained
with a sufficient number of fluorochrome molecules so
as to be measurable as fluorescent spots, and a reac-
tive group binding to the analyte molecule specifically,
immobilizing the labeled analyte on a solid phase, and

Fig.1A
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counting the number of fluorescent spots. The nucleic
acid portion of the fluorescent labeling material is a dou-
ble-stranded or single-stranded nucleic acid, and the
staining with the fluorochrome molecules is performed
with intercalating type, minor groove binding type, or
covalently binding to the nucleic acid type.
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Description

TECHNICAL FIELD
The present invention relates to high sensitivity fluoroimmunoassay.
BACKGROUND ART

Many methods are known for detecting biological trace components, which are highly sensitive and specific. Briefly,
in those methods a targeted trace analyte is detected or quantitatively determined by labeling the analyte with a suitable
labeling material, immobilizing the labeled analyte on a suitable medium based on a specific binding reaction, thor-
oughly washing it, and then detecting the labeling material by suitable means. Examples of the specific binding reac-
tions generally used are the antigen-antibody reaction, the avidin-biotin binding reaction, and the receptor-ligand
binding reaction.

Labeling materials and methods for label detection are known to be of various types depending on the chemical
and physical properties of the labeling materials. Usually, such methods are as follows: (1) The sum of signals, e.g.,
radiation doses, amounts of fluorescence, or amounts of luminescence (chemiluminescence, bioluminescence), from
the trace analyte labeled with a labeling material and immobilized on a suitable solid phase is measured, and presence
of the trace analyte is evaluated, and quantitatively determined, based on the correlation between measured values and
concentrations of the trace analyte. (2) The number of the labeled analyte molecules immobilized on a suitable solid
phase is counted by observing phenomena such as radiation, fluorescence, or luminescence (chemiluminescence, bio-
luminescence) from the labeling material, and presence of the trace analyte is evaluated, and quantitatively deter-
mined, based on the count. Method (2) requires that the trace labeled analytes immobilized on the solid phase are
counted molecule by molecule. Compared with method (1), method (2) may have advantages, such as lower back-
ground noise, shorter measuring time, and decreased measurement errors (increased measurement sensitivity).

Thus, it is desirable to develop a method which comprises counting, individually, trace labeled analytes fixed to a
suitable solid phase, based on presence or absence of signals from the labeling material, in order to evaluate the pres-
ence of the analyte and quantitatively determine the analyte.

The usual, known method of labeling an analyte with a fluorescent molecule should give single molecule detection
under idealized conditions. However, it is difficult to use this method for the above-mentioned ultrahigh sensitivity detec-
tion under practical measuring conditions, which involves use of an ordinary fluorescence microscope. The amount of
fluorescence emitted from a single fluorophore is usually very small partly because of rapid bleaching of the fluoro-
chrome. That is, such signals from the labeled analyte are very small and weak. Since background fluorescence is also
comparable with signal fluorescence, measurement of individual luminescence phenomena is virtually unpractical.

DISCLOSURE OF THE INVENTION

High sensitivity fluoroimmunoassay related to the present invention circumvents the above-described difficulties,
and makes it possible to detect a fluorescent-labeled analyte with higher sensitivity. The first objective of the invention
is to provide a fluoroimmunoassay which comprises the step of labeling an analyte with a labeling fluorescent material
having a nucleic acid portion stained with multiple fluorochromes by an ordinary detecting means, and a specifically
binding reactive group specifically binding to the analyte, and the step of detecting the fluorescence of the labeling flu-
orescent material.

The second objective of the invention is to provide the above-mentioned fluoroimmunoassay which further includes
the step of immobilizing the labeled analyte on a solid phase.

Still another objective of the invention is to provide the above-mentioned fluoroimmunoassay wherein the step of
detecting the fluorescence further uses optically magnifying means.

A further objective of the invention is to provide the above-mentioned fluoroimmunoassay wherein the optically
magnifying means is a fluorescence microscope.

A still further objective of the invention is to provide the above-mentioned fluoroimmunoassay wherein the fluores-
cence of the labeling fluorescent material is counted as fluorescent spots in the microscope images obtained.

Further, an objective of the invention is to provide fluoroimmunoassay which comprises the step of labeling an ana-
lyte with a labeling fluorescent material, or probe, having a nucleic acid portion stained with fluorochromes, and a spe-
cifically binding reactive group specifically binding to the analyte, and the step of detecting the fluorescence of the
labeling fluorescent material.

Another objective of the invention is to provide the fluoroimmunoassay which further includes the step of immobi-
lizing the labeled analyte on a solid phase.

Still another objective of the invention is to provide the fluoroimmunoassay wherein the step of the fluorescence
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detection further uses optically enlarging means.

A further objective of the invention is to provide the fluoroimmunoassay wherein the optically enlarging means is a
fluorescence microscope.

A still further objective of the invention is to provide the fluoroimmunoassay wherein the fluorescence of the labeling
fluorescent material is counted as fluorescent spots in the microscope images obtained.

An additional objective of the invention is to provide the fluoroimmunoassay wherein the nucleic acid portion is a
double-stranded nucleic acid having 100 to 50,000 bases, and the staining with the fluorochromes is performed with
intercalating fluorochromes whose number is estimated to be 10 to 25% of the number of the bases.

A further additional objective of the invention is to provide the fluoroimmunoassay wherein the nucleic acid portion
is a double-stranded nucleic acid having 1,000 to 5,000 bases, and the staining with the fluorochromes is performed
with 100 to 1,200 intercalating fluorochromes.

A further additional objective of the invention is to provide the fluoroimmunoassay wherein the nucleic acid portion
is a double-stranded nucleic acid having 100 to 50,000 bases, and the staining with the fluorochromes is performed by
the fluorochromes binding to the minor groove of the double-helix, the number of the fluorochrome being 10 to 25% of
the number of the bases.

A further additional objective of the invention is to provide the fluoroimmunoassay described above, wherein the
nucleic acid portion is a single-stranded nucleic acid having 100 to 50,000 bases, and the staining with the fluoro-
chromes, whose number is 10 to 70% of the number of the bases, is by covalently binding to the nucleic acid.

A further additional objective of the invention is to provide the fluoroimmunoassay wherein the nucleic acid portion
is a double-stranded nucleic acid having 100 to 50,000 bases, and the staining with the fluorochromes, whose number
is 10 to 70% of the number of the bases, is by covalently binding to the nucleic acid.

A further additional objective of the invention is to provide the fluoroimmunoassay wherein the specifically binding
reactive group is biotin bound to a terminal of the nucleic acid.

A further additional objective of the invention is to provide the fluoroimmunoassay wherein the magnification of the
fluorescence microscope is 20X to 100X magnification at the objective.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A shows an example of a multi-fluorochrome-stained labeling nucleic acid related to the present invention,
wherein a labeling material comprising a double-stranded nucleic acid is stained with multiple intercalating fluoro-
chromes;

Fig. 1B shows an example of a fluorochrome-stained labeling nucleic acid related to the present invention, wherein
a labeling material comprising a double-stranded nucleic acid contains minor groove binding fluorochromes cova-
lent-bonded to the nucleotide;

Fig. 1C shows an example of a multi-fluorochrome-stained labeling nucleic acid related to the present invention,
wherein a labeling material comprising a single-stranded nucleic acid contains fluorochromes covalently bonded to
nucleotides;

Fig. 1D shows an example of a multi-fluorochrome-stained labeling nucleic acid related to the present invention,
wherein a labeling material comprising a double-stranded nucleic acid contains fluorochromes covalently bonded
to nucleotides;

Fig. 2 is a drawing showing the method of observing a fluorescent-stained labeling nucleic acid, in which the inner
surface of a microtiter plate is observed from below with an inverted epi-fluorescence microscope;

Fig. 3 shows an embodiment of the method related to the invention, illustrating the procedure of covalent bonding
of biotin molecules to the surface of a solid phase, followed by washing, immobilizing avidin on biotin on the surface
of the solid phase, followed by washing, further immobilizing a stained nucleic acid on the avidin, followed by wash-
ing, and measuring the labeled fluorescence.

Fig. 4 is a fluorescence microscopic image of fluorescently stained nucleic acid molecules (lambda phage; length
48.5 kbp, 16 um).

Fig. 5 shows changes in the total fluorescence intensity of a labeling nucleic acid in a measured area (100um x
100um) as a function of the concentration of NHS biotin immobilized (O signifies 100 bases long, 00 500 bases
long, and ¢ 3,000 bases long);

Fig. 6 is a fluorescence micrograph showing a part of PCR amplified lambda DNA using fluorochrome-labeled oli-
gonucleotide;

Fig. 7A is a fluorescence micrograph obtained when the concentration of added PGE2-BSA(30ul) was 0.84 mg/ml;
Fig. 7B is a fluorescence micrograph obtained when the concentration of added PGE2-BSA(30ul) was 0.164
mg/ml;

Fig. 7C is a fluorescence micrograph obtained when the concentration of added PGE2-BSA(30ul was 0.0 mg/m;
and
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Fig. 8 shows the plot of the number of fluorescent spots, obtained by the image processing of Figs. 7A to 7C,
against the PGE2-BSA concentration.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is concerned with labeling materials for high sensitivity fluorescence detection

As schematically shown in Figs. 1A through 1D, the labeling material for high sensitivity fluorescence detection of
the present invention is (1) a double-stranded or single-stranded nucleic acid labeled with fluorochromes giving fluores-
cence intensity high enough to be counted molecule by molecule under an ordinary fluorescence microscope, and (2)
a labeling material having a specifically binding reactive group for labeling. To give fluorescent spots of such intensity
in a micrograph, the labeling material for high sensitivity fluorescence detection of the invention is a labeling molecule
of an adequate size to contain a sufficient number of fluorochromes therein.

Intercalating fluorochrome-stained double-stranded nucleic acid

A preferred embodiment of the labeling material relevant to the invention, as shown in Fig. 1A, is a double-stranded
nucleic acid with a suitable number of bases, which can be stained with intercalating fluorochromes and which has a
specifically binding reactive group. Since such a double-stranded nucleic acid has a sufficient number of bases, it is
stained with the sufficient number of intercalating fluorochromes for molecular counting. An analyte labeled with this
labeling material via the specifically binding reactive group generates sufficient fluorescence, and gives fluorescent
spots which are observable individually under a fluorescence microscope. The number of bases and the type of the
bases of the double-stranded nucleic acid are not restricted. However, the double-stranded nucleic acid is preferably a
nucleic acid comprising 100 to 50,000 (more preferably 100 to 5,000) bases. If the number of bases is smaller than this
range, it cannot give sufficient fluorescence for molecular counting. Thus, the analyte labeled with the resulting labeling
material cannot give fluorescent spots of a size sufficient to be observed individually under a fluorescence microscope
with an ordinary magnification (a 20X to 100X objective lense). If the number of bases of the nucleic acid is larger than
the above range, the stability of the nucleic acid itself deteriorates, posing problems such as fragmentation. Thus, its
handling becomes laborious, and its storage stability is diminished. In the case of an ordinary nucleic acid (DNA), inter-
calating fluorochromes can be stably incorporated into the nucleic acid upto about 25% of the number of bases of the
nucleic acid. So a nucleic acid of 4,000 bases long, for example, can be stained with about 200 to 1,000 fluorochromes.
Labeling with this large amount of fluorochromes provides fluorescent spots to be sufficiently recognized molecule by
molecule with an ordinary fluorescence microscope.

To prepare a double-stranded nucleic acid of the required length, various known methods can be used. Preferred
examples are a method based on chemical synthesis, a method based on enzymatic reaction, preparation from a nat-
urally occurring nucleic acid, preparation by PCR or the like, and cloning with plasmid or phage.

The preparation method preferred in the present invention, as will be described later on, further requires that the
nucleic acid be provided with a group having specific binding reactivity, and that the nucleic acid be prepared efficiently
with a desired length. To fulfill both of these requirements, polymerase chain reaction (PCR) can preferably be used. As
indicated in the Examples, the use of this method makes it easy to prepare a labeling probe of about 3,000 base length
with biotin bound to a terminal of a nucleic acid strand.

The double-stranded probe of the invention is not limited in the type of the constituent nucleic acid. To prepare a
double-stranded nucleic acid of the required length, therefore, various known methods can be used. Examples include
a method based on chemical synthesis, a method based on enzymatic reaction, preparation from a naturally occurring
nucleic acid, preparation by PCR or the like, and cloning with plasmid or phage.

There are no limitations on the intercalating dyes used as the fluorochromes for the double-stranded labeling mate-
rial relevant to the invention so long as they give specific binding and bright-enough fluorescence. Preferred examples
of the dyes are phenanthridinium intercalators such as ethidium bromide and propidium iodide, aminoactinomycin-D (7-
AAD), 9-amino-6-chloro-2-methoxyacridine (ACMA), benzoxazolium-4-pyridinium (PO), benzothiazolium-4-pyridinium
(BO), benzoxazolium-4-quinolinium (YO), and benzothiazolium-4-quinolinium (TO). Their dimers, POPO, BOBO, YOYO
and TOTO, can also be used preferably. These dyes are known to perform intercalation such that one dye molecule is
intercalated every several base pairs. Thus, a very large number of fluorochromes can be used for staining.

The above-described intercalating dyes preferably used in the invention are intercalated into a double helix to gen-
erate fluorescence. This type of dye can markedly decrease background fluorescence from the free dye remaining at
the time of measurement.

The specifically binding reactive group of the probe of the invention depends on the specific reaction to be used.
Examples of prefered reactions include antigen-antibody reaction, avidin-biotin binding reaction, and receptor-ligand
binding reaction.

The way of linking the reactive group to the probe of the invention is not limited, and an ordinary organic synthesis
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reaction can be used. In the Examples to be described hereafter, a terminally biotinylated short nucleic acid can be
used as a starting material, and the probe can be prepared by PCR.

Minor groove binding fluorochrome-stained double-stranded nucleic acid

Another preferred embodiment of the labeling material relevant to the invention, as shown in Fig. 1B, is a double-
stranded nucleic acid with a suitable number of base sequences. This labeling material has basically the same double-
stranded nucleic acid structure as in the intercalating fluorochrome-stained double-stranded nucleic acid explained in
Fig. 1A, except that the double-stranded nucleic acid is stained with minor groove binding fluorochromes. The labeling
material also has a specifically binding reactive group. Such a double-stranded nucleic acid has a sufficient number of
bases, and is stained with the desired number of minor groove binding fluorochromes. An analyte labeled with this labe-
ling material via the specifically binding reactive group generates sufficient fluorescence for molecular counting, and
can give fluorescent spots which are observable individually under a fluorescence microscope. The number and the
type of bases of the double-stranded nucleic acid are not restricted. Preferably, however, the double-stranded nucleic
acid is a nucleic acid having a length of 100 to 50,000 (more preferably 100 to 5,000) base pairs. If the number of bases
is smaller than this ranger it cannot be stained with a sufficient number of minor group binding fluorochromes. Thus, the
analyte labeled with the resulting labeling material cannot give fluorescent spots of a size sufficient to be observed mol-
ecule by molecule under a fluorescence microscope of an ordinary magnification (with a 20X to 100X objective lense).
If the number of bases of the nucleic acid is larger than the above range, the nucleic acid itself becomes unstable, and
poses problems such as fragmentation. Thus, its handling becomes laborious, and its storage stability is deteriorated.
In the case of an ordinary nucleic acid (DNA), a sufficient number of minor groove binding fluorochromes can be incor-
porated into the nucleic acid, and fluorescent spots can be sufficiently recognized molecule by molecule with an ordi-
nary fluorescence microscope.

To prepare a double-stranded nucleic acid of the required length, various known methods can be used. Preferred
examples are a method based on chemical synthesis, a method based on enzymatic reaction, preparation from a nat-
urally occurring nucleic acid, preparation by PCR or the like, and cloning with a plasmid or a phage.

The preparation method preferred in the invention, as will be described below, further requires that the nucleic acid
be provided with a group having specific binding reactivity, and that the nucleic acid be prepared efficiently with a suffi-
cient length. To fulfill both of these requirements, polymerase chain reaction (PCR) is preferably used. As shown in the
Examples, the use of this method makes it possible to prepare a probe of about 3,000 base pairs having biotin linked
to a terminal of a nucleic acid strand.

The double-stranded probe of the invention is not restricted by the type of the constituent nucleic acid. To prepare
a double-stranded nucleic acid of the required length, therefore, various known methods can be used. Examples are a
method based on chemical synthesis, a method based on enzymatic reaction, preparation from a naturally occurring
nucleic acid, preparation by PCR or the like, and cloning with a plasmid or a phage.

As will be described below, the invention further requires that the nucleic acid be provided with a group having spe-
cific binding reactivity, and that the nucleic acid be prepared efficiently with a sufficient length. To fulfill both require-
ments, PCR is preferably used. As shown in the Examples, the use of this method makes it possible to prepare a probe
having the length of about 3,000 base pairs with biotin linked to a terminal of a nucleic acid strand.

Examples of the minor groove binding dyes as the fluorochromes for the double-stranded labeling material relevant
to the invention are Hoechst 33258 and 33342 (Hoechst AG), DAPI and DIPI.

The specifically binding reactive group of this type of labeling material, like the aforementioned intercalating labe-
ling materials, depends on the specific reaction to be used. Examples of the prefered reaction are antigen-antibody
reaction, avidin-biotin binding reaction, and receptor-ligand binding reaction.

The way of linking the reactive group to the probe of the invention is not limited, and an ordinary organic synthesis
reaction can be used. In the Examples to be described below, a terminally biotinylated short nucleic acid is used as a
starting material, and the probe is prepared by PCR.

Single-stranded nucleic acid with covalently bound fluorophores

Still another preferred embodiment of the labeling material relevant to the invention, as shown in Fig. 1C, is single-
stranded nucleic acid with a suitable number of bases, with fluorochromes linked to the nucleic acid via chemical bonds.
This nucleic acid of the single-stranded structure is not limited in the number or the type of the constituent bases, as
long as it can be labeled with a sufficient number of fluorochromes to be described.

As is explained below, labeling needs to be performed with a sufficient number of fluorochromes in order to make
one labeled analyte molecule to be detectable. For this purpose, it is preferred that the nucleic acid be long enough for
the purpose. To handle the probe of the invention stably and simply under ordinary operating conditions and storage
conditions, too long a nucleic acid is liable to degradation and is inconvenient to handle. Thus, the probe of the invention
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is preferably a single-stranded nucleic acid comprising 100 to 50,000 bases, more preferably, 100 to 5,000 bases. When
this probe is prepared by polymerase chain reaction using a fluorochrome-labeled nucleotide to be described, for exam-
ple, it can be labeled with fluorochromes in a number corresponding to about 25% of the number of bases of the nucleic
acid. A nucleic acid 4,000 bases long, for example, can usually be stained with about 200 to 1,000 fluorochromes. Labe-
ling with this fluorochrome-incorporated probe enables fluorescent spots to be sufficiently recognized molecule by mol-
ecule with an ordinary fluorescence microscope.

The single-stranded probe of the invention is not limited in the type of the constituent nucleic acid. To prepare a sin-
gle-stranded nucleic acid of the required length, various known methods can be used. Examples are a method based
on chemical synthesis, a method based on enzymatic reaction, preparation from a naturally occurring nucleic acid,
preparation by PCR or the like, and cloning with a plasmid or a phage.

The present invention, as will be described, further requires that a group having specific binding reactivity be linked
to the nucleic acid, and that the nucleic acid be prepared efficiently with a sufficient length. To fulfill both requirements,
it is preferred to perform PCR using a fluorochrome-labeled nucleotide. The product may be obtained as single strands
by a suitable treatment. As shown in the Examples, the use of this method makes it easy to prepare a probe of up to
about 3,000 base length with biotin linked to a terminal of a nucleic acid strand.

The fluorochrome labeling reaction for the above single-stranded labeling material is not limited. A nucleotide hav-
ing fluorochromes linked thereto via various covalent bonding may be incorporated into the labeling material by various
known synthetic methods. For example, an oligonucleotide or a single-stranded DNA can be labeled with single-strand
specific dyes such as OliGreen(TM) (Molecular Probe). In this case, a considerable number, with respect to the number
of the bases of the nucleic acid, of fluorochromes can be linked so that the nucleic acid molecules can be visualized.
Labeling with a so prepared fluorochrome-stained probe permits fluorescent spots to be recognized molecule by mole-
cule efficiently with an ordinary fluorescence microscope.

This staining via covalent bonding is highly stable under ordinary washing conditions, and can further reduce the
background fluorescence compared with non-covalent staining methods.

The specifically binding reactive group depends on the specific reaction to be used, as in the aforementioned inter-
calating probes. Examples of prefered reactions include antigen-antibody reaction, avidin-biotin binding reaction, and
receptor-ligand binding reaction.

The way of linking the reactive group to the probe of the invention is not limited, and an ordinary organic synthesis
reaction can be used. In the Examples to be described, a terminally biotinylated short nucleic acid is used as a starting
material, and the probe is prepared by PCR.

Double-stranded nucleic acid with covalently bound fluorochromes

A further preferred embodiment of the labeling material relevant to the invention, as shown in Fig. 1D, is the double-
stranded form with fluorophores attached covalently. This labeling material can have twice as many fluorochromes as
those of the aforementioned single-stranded nucleic acid.

Method of high sensitivity fluorescence detection

The detecting method of the invention relies on measuring the fluorescence of an analyte labeled with the labeling
fluorescent material of the invention described above. The fluorescence of the labeled analyte can be detected by the
following methods: (1) total fluorescence intensities from a restricted area are measured; and (2) individual fluores-
cence from the respective labeled analyte molecule are detected and counted as spots after immobilization means and
magnification.

Method (1) for measuring total fluorescence intensities can be performed by measuring a solution containing a
labeled analyte or a solid phase (e.g., microtiter plate, glass slide, or membrane) adsorbing the labeled analyte by
means of fluorescence measuring means usually known to the public. One example of the measuring means is a micro-
titer plate reader. The optical detector suitable for this purpose is, for instance, I-CCD(intensified charge coupled
device), SIT(silicone intensified target camera), PMT(photo-multiplier tube) or APD(avalanche photosiode). Fluores-
cence intensity obtained can be processed by a data analyzing method usually known to the public. For example, a
standard curve of concentration vs.total fluorescence intensities is obtained using standard samples of known concen-
trations, whereby the analyte of an unknown concentration can be determined.

According to the invention, it is also possible to carry out Method (2) in which the labeled analyte is immobilized on
a suitable solid phase, and if desired, labeled analyte molecules are counted as spots by suitable enlarging means. The
method of the invention is not limited to the immobilized analyte, as long as the method is performed within the time
required for counting the fluorescent spots and the fluorescent spots are not substantially drifted. For example, the
method of measurement in a highly viscous medium such as glycerin is feasible. It is also permissible to immobilize the
labeled analyte on a suitable solid phase by a suitable treatment. Examples of the solid phase for immobilization that
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can be used preferably in the invention are microplate, slide glass, and various membranes. Desirably, the solid phase
itself should be a low fluorescence or a non-fluorescence one. The method for immobilization in the invention is not lim-
ited, and may use chemical bonding usually known to the public, or protein-protein specific binding reaction.

The method of using chemical bonding comprises introducing a reactive group (e.g., a hydroxyl group) onto the
solid phase by a suitable treatment, and further introducing into the group a binding group which specifically reacts with
the analyte. If desired, a suitable linker portion may further be used as a mediator. The method of using a protein-pro-
tein specific binding reaction may be any of the various known immunoassay methods without limitation imposed ther-
eon.

According to the method of the invention, fluorescence from the analyte molecules immobilized on the solid phase
can be counted as fluorescent spots by use of ordinary enlarging means. Examples of the enlarging means are a fluo-
rescence microscope, and a scanning fluorescence microscope.

From measurement data (image) as a collection of the resulting fluorescent spots, analyte molecules can be
detected visually or by a suitable detector with high sensitivity. For high sensitivity detection, I-CCD, SIT, PMT or SPD,
for example, can be used preferably.

The analyte molecules labeled with the labeling material for highly sensitive fluorescence detection of the invention
have been shown to be stained with a sufficient number of fluorochromes, and thus can be detected under an ordinary
fluorescence microscope. Actually, the nucleic acid of more than 1,000 bases long of the invention can be intercalated
with about 250 fluorochromes. The stained probe can then be detected as a spotty or linear fluorescent image under
an ordinary fluorescence microscope. That is, the analytes labeled with the probe of the invention are detectable mol-
ecule by molecule as spots. By counting these spots, the labeled analyte molecules can be detected individually with
ultrahigh sensitivity.

The type of fluorescence microscope devices used in the high sensitivity fluorescence detection method of the
invention is not limited. The device with an ordinary objective lense of 20X to 100X magnification is preferably used.
Concretely, the device may be one having a magnification of about 40X and possessing an image processor for count-
ing of spots.

Data obtained based on the fluorescent spots can be processed by a zero-dimensional fluorescence intensity anal-
ysis system or an image analysis system (particle counting) in accordance with various purposes. Concretely, the back-
ground is measured to find the degree of nonspecific adsorption as the number of spots based on nonspecifically
adsorbed labeling materials. The number of these background spots is statistically processed, whereby the significance
of fluorescent spot counting data from the actual labeled analytes can be determined.

Figs. 2 and 3 show a preferred embodiment of the high sensitivity fluorescence detection according to the inven-
tion. As illustrated, a specific binding group (indicated here as biotin) is immobilized on a suitable solid phase (a well of
a microtiter plate is schematically shown here) via a linker. On the so treated solid phase the high sensitivity fluores-
cence detecting labeling material of the invention (a double-stranded nucleic acid is shown here) can be bound to an
analyte (avidin in this case is shown here) via the specific binding group. This analyte-bound labeling material is then
fluorometrically measured (or molecules with relevant fluorescent spots are counted) with a fluorescence microscope
of a suitable magnification (the use of an epi-fluorescence microscope is schematically shown here) to find fluorescent
spots in a predetermined area.

Fig. 4 shows, as a typical example, fluorescent spots from the labeled analyte immobilized on a slide glass. As
demonstrated in Fig. 4, the number of fluorescent spots in a fixed area can be counted even visually at a suitable con-
centration. A more precise counting can be done by image processing of the resulting fluorescent spots. Concretely,
background correction, correction of overlaps of the respective spots (based on the resolving power, magnification, etc.
of the fluorescence microscope) and so on are performed on the basis of data on the locations and intensities of the
respective spots. The background correction can be made by statistically processing (e.g., averaging) the fluorescence
intensities from the parts other than the spots, and expressing the results as background fluorescence intensity or spot
count. More than two spots measured can be evaluated as two spots. The overlapping spots can also be separated
from each other by suitable image processing for purposes of correction.

Based on the aforementioed fluorescent spot counting, the number of the fluorescent spots is determined. From
the number found, the number of molecules of the labeling materials or their concentration based thereon can be deter-
mined. Furthermore, the absolute number of molecules of the analyte, as well as the initial concentration of the analyte
based on its value, can be determined. Concretely, a standard curve is depicted from the known concentrations of the
analyte and the number of spots determined by measuring predetermined dilutions of the analyte labeled with the high
sensitivity fluorescence detecting, labeling material of the invention. Based on this standard curve, it is possible to eval-
uate the presence of an unknown analyte or determine the concentration of the analyte.

The present invention will be described in more detail on the basis of the following Examples. However, the inven-
tion is in no way limited to these Examples.
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Example 1

DNA of lambda phage (length 48.5 kbp, 16 ym), PCR product of plasmid (length 4 kbp), and PCR product of plas-
mid (length 1 kbp) were fluorescently stained by simple mixing with YOYO-1 (Molecular Probe). The stained substances
were each diluted and suspended in a 50% glycerin solution(v/v water). The suspension was sealed between a non-
fluorescent slide glass and a cover glass, and observed from the cover glass side by use of a fluorescence microscope
(AXIOBART, equiped with a 40X objective and a B-exciting dichroic mirror unit device, Zeiss).

As shown in Fig. 4, the stained substances can be easily observed, separately from each other, in a concentration-
dependent manner as spotty or linear fluorescent images.

Example 2

Analytes mobilized on the surface of a solid phase were determined using a microtiter plate. In a similar way as in
Example 1, analytes labeled with arbitrary antigens, arbitrary ligands or specific labels (biotin, dinitrophenol, etc.) can
be used as a model analytes.

Biotin for use as a model analyte was immobilized on the surface of a stationary phase, and detected with avidin,
a protein specifically binding to biotin (schematically shown in Figs. 2 and 3).

Biotin is immobilized by using a commercially available microtiter plate (CovaLink, Nunc) to whose inner wall a
linker having an amino acid is already fixed. To join biotin to the amino group of the linker, the amino group of the linker
was reacted using N-hydroxysuccinimidobiotin (NHS-biotin), a biotinylating reagent. It is known that one molecule of
avidin can bind four molecules of biotin. So the avidin molecule bound to biotin on the surface of the solid phase, there-
fore, can still bind biotinylated nucleic acid molecules.

The nucleic acid used as a labeling material was the PCR amplified product of part of the plasmid pBluescript 11
KS+. A 100 bases long nucleic acid and a 500 bases long nucleic acid were prepared using a common unmodified
primer (5-ATACCGTCGACCTCGAGG-3": Seq.ID No.1) and a biotinylated primer for 100 bases (5-biotinylated-
TCACACACAGGAAACAGCTA-3:Seq.ID No.2) and a biotinylated primer for 500 base product (5'-biotinylated-CGTC-
GATTTTTGTGATGC-3": Seq.ID No.3), respectively. A 3,000 base-long nucleic acid was prepared by using a bioti-
nylated primer (5-TCGGTTGAATGTCGCCCTTTTGTCTTTAGC-3" Seq.ID No.4) and an unmodified primer (5'-
GAACAAAGAAACCACCAGAAGGAGCGGAAT-3:Seq.ID No.9), which amplifies a segment on the plasmid (about
3,000 bases). The length of the PCR amplified nucleic acid was confirmed by agarose gel electrophoresis. The result-
ing biotinylated nucleic acid was stained by simply mixing it with YOYO-1, an intercalating fluorochrome.

The fluorescently labeled biotinylated nucleic acid specifically bound via avidin to the immobilized biotin on the sur-
face of the solid phase was then washed to remove unreacted avidin and labeling nucleic acid. Then, each well of the
microtiter plate filled with phosphate buffer was measured from below by means of an inverted epi-fluorescence micro-
scope equipped with a TV image processor. The TV camera used was an SIT camera type. The microscope was
equiped with a B-exciting dichroic mirror unit (450 nm to 490 nm excitation; FT510 nm; fluorescence filter 545 to 565
nm) and a 40X objective lense and was focused on the inner wall of the bottom surface of each well. In this set-up, flu-
orescence image was photographed by 2-second accumulation. The fluorescence intensity of a 100 um x 100 pm
region near the center of the accumulated fluorescence image was measured. The fluorescence intensity of phosphate
buffer only was used as control and subtracted.

The resulting microscopic fluorescence varied depending on the concentration of NHS-biotin used when biotinylat-
ing the surface of the solid phase. The 3,000 base-long labeled nucleic acid molecules can also be identified as fluo-
rescent spots when its concentration was not high.

Total intensities of the resulting fluorescent spots were plotted against the concentration of NHS-biotin used for the
biotinylation of the surface of the solid phase. The concentration of NHS-biotin could be diluted until the fluorescence
intensity is ascribed to the nonspecific adsorption of avidin in a concentration-dependent manner (Fig. 5). For compar-
ison, enzyme-linked assay was also performed in parallel experiments to detect the concentration of NHS-biotin. This
comparative enzyme-linked method achieved a detection limit comparable with nucleic acid of about 100 base-long.
Thus, the method of the invention has been found to show sensitivity at least comparable with that by the enzyme labe-
ling method in terms of fluorescence intensity determination. Total fluorescence determination also allows the use of an
apparatus such as an existing commercially available microplate reader.

In the same manner as in the method described above for NHS-biotin, the concentrations of and the amounts
adsorbed by an antigen, an antibody, a receptor and a ligand can be measured. To label an antibody, for example, a
biotinylated antibody can further be labeled with the aforementioned biotinylated fluorescent labeled nucleic acid via
avidin. Alternatively, a labeling nucleic acid having a functional group introduced at the terminal may directly be bonded
covalently to the functional group of a side chain of the antibody. To impart fluorescing properties to the labeling nucleic
acid, they may be incorporated when the nucleic acid is replicated and amplified enzymatically by PCR using a fluores-
cent nucleotide.
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Example 3

As another method for introducing fluorescent labels into labeling nucleic acid, fluorochrome-labeled oligonucle-
otides were used as substrate to synthesize a labeling nucleic acid by PCR amplification. Furthermore, experiments
were conducted in order to show that the nucleic acid molecules synthesized by this method could be individually
observed with a fluorescence microscope. Fluorescein-dUTP (Fluorogreen, Amersham) was used as the fluorochrome-
labeled oligonucleotide, and LA-PCR Kit (TAKARA) was used for synthesizing the labeling nucleic acid. The template
for the labeling nucleic acid was lambda DNA. The primers were 5-ATCATTATTTGATTTCAATTTTGTCCCACTCCC-
3'(Seq.ID No.6) and 5-AGGTCGCCGCCCCGTAACCTGTCGGATCACCGGAAA-3'(Seq.ID No.7). Using them, a part
(20707 bp) of the lambda DNA was amplified. The amplified fluorescent labeled nucleic acid was separated from the
excess fluorescein-dUTP by standard purification procedures. The separated nucleic acid was diluted and suspended
in a 50% glycerol solution, and was observed with a fluorescence microscope in the same manner as in Example 1 (Fig.
6). This nucleic acid tended to be slightly lower in fluorescence intensity than the YOYO-1 stained nucleic acid, but the
part of the lambda DNA (20707 bp) could be observed with the fluorescence microscope such that its molecules were
individually observable.

Example 4
Detection of antigen-antibbdy reaction.

Prostaglandin E2 conjugated with BSA (PGE2-BSA(bovine serum albumin)) immobilized on a slide glass by simple
adsorption was reacted with anti-PGE2 antibodies. Then, avidin and YOYO-1 stained biotinylated lambda DNA were
further linked, and the complex was observed with a fluorescence microscope.

The slide glass used was Silane coated slide (Sigma). Phosphate buffer (PBS) for dilution was adjusted to pH 7,
and PBS for washing was adjusted to pH 7.5.

To adsorb PGE2-BSA on slide glass, 30 ul of a solution of the PGE2-BSA dissolved in PBS (pH 7) to each concen-
tration (0.84 mg/ml, 0.164 mg/ml, 0 mg/ml) was placed on the slide glass. The solution on the slide glass was sealed
with a cover glass and a rubber spacer, and incubated for 1.5 hours at room temperature, followed by washing with 300
ul of PBS three times. Then, to minimize the nonspecific absorption sites of the antibodies, 30 ul of a blocking buffer
(BSA 1.68 mg/ml, PGE2-ELISA kit of Boehringer; catalog No. 1469231) was added, and incubated for 1 hour at room
temperature. To couple with a nucleic acid, 30 ul of avidin (PGE2-ELISA kit of Boehringer) was further added, and incu-
bated for 1.5 hours at room temperature, followed by washing 3 times. A fluorescent labeled nucleic acid was prepared
by mixing 1 ul of 1 mM YOYO-1 with 80 ul of PCR prbduct followed by dilution with demineralized water to 4 ml. The 30
ul of the fluorescent labeled nucleic acid solution was added to the solution of the(PEG2-BSA) on the slide glass, fol-
lowed by incubation for 1 hour at room temperature and washing 3 times with 300 ul of PBS. Finally, more than 30 ul of
PBS was added to remove air bubbles completely. Then, the system was sealed with a cover glass and a rubber spacer.
The PCR amplification of the labeling nucleic acid was performed by 30 cycles of denaturation at 94°C (20 seconds),
annealing and extension reaction at 68°C (15 minutes) using the following PCR mix:

10X PCR buffer (LA-PCR kit PRO13A, TAKARA) 5ul
Template (above kit) 2 ul
Primer L1 (above kit) 2u
Primer L2 (above kit) 2u
Four dNTPs (above kit) 8 ul
LATag DNA polymerase (above kit) 0.5l

The resulting samples in solution were observed with a fluorescence microscope as in the experiments on the
microtiter plate. The fluorescence microscope was Zeiss Axiovert135Tv with objective 40X lense,equiped with an
ARGUSS50SIT camera system as a detector. Images of the YOYO-1 stained DNA bound to the antibbdies are shown in
Figs. 7A to 7C. The concentrations of the PGE2-BSA adsorbed on the slide glass were 0.84 mg/ml, 0.164 mg/ml and
0.0 mg/ml, respectively, under the conditions in Figs. 7A to 7C. Image processing by the ARGUS system was performed
by particle counting to obtain the number of fluorescent spots corresponding to the concentration of the PGE2-BSA
solution. The results showed a significant difference from that for the control at 0.0 mg/ml.
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Fig. 8 shows the plot of the number of the fluorescent spots obtained by image processing against the PGE2-BSA
concentration. The plot showed a satisfactory linearity. In the instant Example, two spots were counted as nonspecific
adsorptions. This result demonstrates that the use of the method of the invention enables the degree of nonspecific
adsorption to be determined with high sensitivity.

INDUSTRIAL APPLICABILITY

The high sensitive fluoroimmunoassay of the present invention relies on a labeling material having a nucleic acid
stained with a sufficient number of fluorochromes, and further having a binding group for utilizing a specific binding
reaction for labeling. Thus, substances labeled with this labeling material can be observed molecule by molecule with
an ordinary fluorescence microscope. Moreover, very small amounts of biologically functional substances can be fluo-
rescently detected rapidly and easily with high sensitivity. The method of the invention is as sensitive as, or more sen-
sitive than, enzyme labeling methods. In addition, the use of a nucleic acid as a label gives higher stability and better
storage than the use of an enzyme. Unlike enzyme labeling method, the method of the present invention requires no
enzymatic reaction for detection, and ensures rapid assay.

10
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[Sequence Listing]

Seq. ID No.: 1

Length of sequence: 18

Morphology of sequence: Nucleic acid
Number of chains: Single-stranded
Topology: Linear

Type of sequence: DNA

Sequence

ATA CCG TCG ACC TCG AGG 18

Seq. ID No.: 2

Length of sequence: 18

Morphology of sequence: Nucleic acid
Number of chains: Single-stranded
Topology: Linear

Type of sequence: DNA

Sequence

TCA CAC AGG AAA CAG CTA 18

Seq. ID No.: 3

Length of sequence: 18

Morphology of sequence: Nucleic acid
Number of chains: Single-stranded
Topology: Linear

Type of sequence: DNA

11
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Sequence

CGT CGA TTT TTG TGA TGC 18

Seq. ID No.: 4

Length of sequence: 30

Morphology of sequence: Nucleic acid
Number of chains: Single-stranded
Topology: Linear

Type of sequence: DNA

Sequence

TCG GTT GAA TGT CGC CCT TTT GTC TTT AGC 30

Seq. ID No.: 5

Length of sequence: 30

Morphology of sequence: Nucleic acid
Number of chains: Single-stranded
Topology: Linear

Type of sequence: DNA

Sequence

GAA CAA AGA AAC CAC CAG AAG GAG CGG AAT 30

Seq. ID No.: 6

Length of sequence: 33

Morphology of sequence: Nucleic acid
Number of chains: Single-stranded
Topology: Linear

12
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Type of sequence:

Sequence

DNA

ATC ATT ATT TGA TTT CAA TTT TGT CCC ACT CCC 33

Seqg. ID No.:

Length of sequence:
Morphology of sequence:
Number of chains:
Topology:

Type of sequence:

Sequence

AGG TCG CCG CCC CGT AAC CTG TCG GAT CAC CGG AAA 36

Seq. ID No.:

Length of sequence:
Morphology of sequence:
Number of chains:
Topology:

Type of sequence:

Sequence

36

Linear

DNA

8
30

Linear

DNA

Nucleic acid

Single-stranded

Nucleic acid

Double-stranded

TCG GTT GAA TGT CGC CCT TTT GTC TTT AGC 30

Seq. ID No.:
Length of sequence:
Morphology of sequence:

Number of chains:

30

13

Nucleic acid

Double-stranded
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Topology: Linear
Type of sequence: DNA
Sequence

GAA CAA AGA AAC CAC CAG AAG GAG CGG AAT 30

14



10

15

20

25

30

35

40

45

50

55

EP 0 851 228 A1

- a e "y LRI oy

SEQUENCE I.ISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: Laboratory of Molecular Biophotonics
(B) STREET: 5000, Hirakuchi, Hamakita-shi
(C) CITY: Shizuoka
(E) COUNTRY: Japan
(F) POSTAL CODE (ZIP): 434

-

(ii) TITLE OF INVENTION: High Sensitivity Fluoroimmunoassay
(iii) NUMBER OF SEQUENCES: 9

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:

: (A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Primer"

(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 1:
ATACCGTCGA CCTCGaGG
(2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Primer"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
TCACACAGGA AACAGCTA
(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Primer"

15

18 .
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
CGTCGATTTT TGTGATGC
(2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Primer"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
TCGGTTGAAT GTCGCCCTTT TGTCTTTAGC
(2) INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Primer"

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
GAACAAAGAA ACCACCAGAA GGAGCGGAAT
(2) INFORMATION FOR SEQ ID NO: 6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{1i) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Primer"

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
ATCATTATTT GATTTCAATT TTGTCCCACT CCC
(2) INFORMATION FOR SEQ ID NO: 7:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

16
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(A) DESCRIPTION: /desc = "Primex™

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
AGGTCGCCGC CCCGTAACCT GTCGGATCAC CGGAAA
(2) INFORMATION FOR SEQ ID NO: 8:

(1) SEQUENCE CHARACTERISTIC$:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic ac:}d
(A) DESCRIPTION: /desc = "Primer"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
TCGGETTGAAT GTCGCCCTTT TGTCTTTAGC
(2) INFORMATION FOR SEQ ID NO: 9:
(1) SEQUENCE CHARACTERISTIC$:
(A) LENGTH: 30 base pairs
(R) TYPE: nucleic av._:ld
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic ac:i.d
(A) DESCRIPTION: /desc = "Primer"

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

GAACAAAGAR ACCACCAGAA GGAGCGGAAT

1. Fluoroimmunoassay comprising:

the step of labeling any analyte molecule with a labeling fluorescent material having the portion of nucleic acid
stained with fluorochrome molecules, and the specifically binding reactive group which can bind the analyte,

and

the step of detecting the fluorescence of the labeled fluorescent material.

2. The fluoroimmunoassay of claim 1, further including the step of immobilizing the labeled analyte on a solid phase.

3. The fluoroimmunoassay of claim 1, wherein said step of detecting the fluorescence further uses optically magnify-

ing means.

4. The fluoroimmunoassay of claim 3, wherein said optically enlarging means is a fluorescence microscope.

5. The fluoroimmunoassay of claim 3, wherein the fluorescence of said labeled fluorescent material is measured by

counting the number of the fluorescent spots.

17
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The fluoroimmunoassay of claim 1, wherein said nucleic acid portion is double-stranded nucleic acid having 100 to
50,000 bases, and its staining with fluorochrome molecules is performed with those of the intercalating type, the
number of which is 10 to 25% of the number of said bases.

The fluoroimmunoassay of claim 1, wherein said nucleic acid portion is double-stranded nucleic acid having 1,000
10 5,000 bases, and its staining with said fluorochrome molecules is performed with 100 to 1,200 intercalating fluor-
ochrome molecules.

The fluoroimmunoassay of claim 1, wherein said nucleic acid portion is double-stranded nucleic acid having 100 to
50,000 bases, and its staining with said fluorochrome molecules is performed with tgose of the minor groove bind-
ing type, the number of which is 10 to 25% of said number of the bases.

The fluoroimmunoassay of claim 1, wherein said nucleic acid portion is single-stranded nucleic acid having 100 to
50,000 bases, and its staining with the fluorochrome molecules is by covalent bonding of said fluorochrome mole-
cules, the number of which is 10 to 70% of the number of said bases with said nucleic acid.

The fluoroimmunoassay of claim 1, wherein said nucleic acid portion is double-stranded nucleic acid having 100 to
50,000 bases, and said staining with said fluorochrome molecules is by covalent bonding of the fluorochrome mol-
ecules, the number of which is 10 to 70% of the number of said bases, with said double-stranded nucleic acid.

The fluoroimmunoassay of claim 1, wherein said specifically binding reactive group is biotin bound to a terminal of
said nucleic acid.

The fluoroimmunoassay of claim 1, wherein the magnification of said fluorescence microscope is equal to or less
than 500X.

18
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Fig.1C
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Fig.4
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Fig.6
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Fig.7A

50um

26



EP 0 851 228 A1

Fig.7B
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Fig.7C
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